Introduction
Adenotonsillectomy remains one of the most frequently performed surgical procedures in children. It presents risks and challenges for both surgeon and anaesthetist. [1] [2] [3] Despite improvements in anaesthetic and surgical technique, poor pain control, postoperative nausea and vomiting (PONV), and emergence delirium continue to be common complications. In fact, severe pain is reported in as many as 25-50% of children presenting for adenotonsillectomy. 4 Acute pain is defined as a "normal, predicted, unpleasant sensory and emotional response to an adverse chemical, thermal or mechanical stimulus". 5, 6 This definition recognises both the physiological and affective nature of the pain.
Multiple factors contribute to the experience of pain. A systematic review published in 2016 titled "Predisposing, precipitating, perpetuating and present factors predicting anticipatory distress to painful medical procedures in children" looked at this. Of note is the high positive relationship between anticipatory anxiety and the level of postoperative pain, the role that parental anxiety plays, and the role that idiosyncratic needs such as fatigue, hunger, dehydration and nausea have on children's anticipatory distress. 7 Surgical techniques also contribute to pain. Often the choice will be based on surgeon preference, experience and instrumentation available. Cold dissection (scalpel, guillotine and snare) and hot dissection (monopolar and bipolar electrocautery) are commonly described. 8, 9 Coblation, laser and the microdebrider are less frequently used. All these techniques are associated with variable postoperative pain intensities.
Pain assessment is imperative for optimal pain management. Without appropriate methods of assessment, it is difficult to plan adequate interventions and to take the necessary steps to ensure their effectiveness. One suggested approach is that of QUESTT 10 Most of the pain-rating scales are not validated, applicable to all age groups or universally accepted. In general it is recognised that there are physiological measures, behavioural measures and self-report. [10] [11] [12] Self-report is often referred to as the 'gold standard' as it is a direct measure of pain. The self-report tool used must be appropriate to the child's age and developmental level; it must be practical to use in the clinical setting; it should be reproducible, reliable and valid; and ideally transferable between assessors. These tools can be used in children as young as three years of age. 10 However, one must be aware that they may be subject to individual response biases, reflecting the child's interpretation of the pain report, 13 thus resulting in misleading scores. For this reason it is advised that self-report scales be corroborated with observational measures in children younger than five years of age.
Anaesthetic techniques that contribute to perioperative pain are difficult to isolate. The use of suitable premedication has been found to decrease anticipatory anxiety associated with surgery, and potentially contributes to the decrease in occurrence of early postoperative negative behaviour i.e. emergence delirium and pain. 14, 15 Pain management varies markedly depending on practitioner preference, resources, surgeon, and patient population. It is difficult to apply a "one size fits all" recommendation, and the efficacy of any intervention must be assessed and titrated in individual patients. A large number of otherwise healthy children undergo tonsillectomies which are often associated with significant pain. This provides a useful model for the study of perioperative pain in the paediatric patient. Findings from this population can be used to assess the system for other surgical procedures.
An audit is part of a cycle of quality assurance. It is a review of current practice, identification of problems, and the development of possible solutions with the aim of implementation and improvement in response to the analysis. 16 This study aimed to examine current strategies employed in patients presenting for adenotonsillectomy, by reviewing anaesthetic and surgical techniques and prescriptions, and their contribution to postoperative pain.
Method
Ethical approval for this study was sought from the Human Research Ethics Committee (Medical) of the University of the Witwatersrand. Approval for conducting the study was obtained from the Postgraduate committee, and the Chief Executive Officer (CEO) of Chris Hani Baragwanath Academic Hospital (CHBAH). A prospective, contextual, descriptive research design was used. A comprehensive information letter and clear explanation of the study was given to the parent or caregiver of all participants; signed informed consent was mandatory prior to inclusion in the study. In-hospital data was collected from the anaesthetic and surgical records. All information was captured anonymously in a data collection form. A summary of the questionnaire is shown in Table I .
The following patients were excluded from the study: In consultation with a biostatician, an appropriate sample size was calculated at 62-82 patients. The sample size estimation was based on one of the key research questions which was the identification of the presence of pain (Wong Baker score ≥ 4/10).
Data was captured onto a Microsoft Excel ® 2010 spreadsheet and analysed using SAS ® (version 9.4 for Windows). Descriptive analysis of the data was carried out as follows:
• Categorical variables were summarised by frequency and percentage tabulation, and illustrated by means of bar charts.
• Continuous variables were summarised by median and interquartile range, and their distribution illustrated by means of histograms.
• For tests of association, the pain scores were categorised as 0-2 (none/mild), 4-6 (moderate), 8-10 (severe).
The Χ 2 test was used to assess the relationship between categorised pain score and categorical variables. Fisher's exact test was used for 2 x 2 tables or where the requirements for the Χ 2 test could not be met. The strength of the associations was measured by Cramer's V and the phi coefficient respectively. The following scale of interpretation was used:
0.50 and above high/strong association 0.30 to 0.49 moderate association 0.10 to 0.29 weak association below 0.10 little if any association
The relationship between categorised pain score and continuous variables was assessed by the t-test (or ANOVA test for more than two categories). Where the data did not meet the assumptions of these tests, a non-parametric alternative, the Wilcoxon rank sum test (or the Kruskal-Wallis test for more than two categories) was used. The strength of the associations was measured by 
Results
Ninety-seven patients aged three to 12 years of age, with ASA grading I (84%) or II, who underwent an elective adenotonsillectomy were enrolled in the study. Twelve children had to be excluded due to incomplete data collection sheets. Fifty one percent of the patients were female. Demographic data, fasting period and duration of surgery and anaesthesia is displayed in Table II .
The majority of the procedures were performed in the presence of an anaesthetic consultant/principal medical officer (PMO) (55 %), while 37% and 8% were performed by senior and junior registrars respectively. Five percent (n = 4) of the population received premedication in the form of paracetamol (n = 1), midazolam (n = 1) and dexmedetomidine (n = 2). Fifty-two percent of the patients received intraoperative prophylactic antibiotics in the form of cephazolin or augmentin.
Medication given intraoperatively is documented in Figure  1 . Note that 86% (n = 66) of the patients received intravenous paracetamol, and the remainder by rectum (n = 11). The status of the remainder of the patients was unknown. Eleven percent (n = 9) had local anaesthetic infiltrated in the tonsillar bed by the surgeon.
Intraoperative complications occurred in 15% (n = 13) of the population. This included issues pertaining to the airway (laryngospasm, bronchospasm, hypercarbia, need to reintubate), bleeding and injury to tongue and teeth. Eighty-six percent (n = 73) of the patients were extubated awake.
Tonsil size was predominantly grade II (41%) and III (32%), and surgical technique was routinely by cold steel dissection and haemostasis achieved with unipolar diathermy. The majority of the surgeries were performed by registrars (45%) and consultants (36%), while only 19% were performed by a medical officer.
The percentage of children who were prescribed postoperative medication, for the ward as per the surgeon's prescription, is shown in Figure 2 . Complications in the recovery room occurred in 97% (n = 82) of the population. These included: pain 97%; restlessness 32%; PONV 5%; airway problems in the form of stridor and snoring 5%; and drowsiness 2%. Eighteen of the 82 children who experienced pain, were given analgesics in the recovery room in the form of fentanyl, paracetamol or tilidine drops. The most common complication in the ward was ongoing pain (72%).
No rescue analgesia was given in the ward; instead it was given according to a combination of factors including: time of arrival from theatre; schedule as per nursing analgesic round; and ability to take orally.
The pain profile of the patients across the five measurement occasions is shown in Figure 3 . The percentage of patients with severe pain (score 8 or 10) decreased from 72% at first verbalisation to 53% at 30 minutes, to 25% at three hours, to 4% at discharge.
There was a significant, moderate association between categorised pain score at first verbalisation and anaesthetist rank (p = 0.010; phi coefficient = 0.37). The percentage of patients with a severe pain score was higher for consultants/PMOs (83%) compared to senior or junior registrars (61 and 43% respectively) ( Figure 4 ).
There was also a significant, moderate association between categorised pain score at discharge from recovery and anaesthetist rank (p = 0.0050; phi coefficient = 0.47). The percentage of patients with a severe pain score was lower for consultants/PMOs and senior registrars (2 and 0% respectively) compared to junior registrars (29%) ( Figure 5 ). There was a significant, moderate association between categorised pain score at first verbalisation and anaesthetist rank (p = 0.010; phi coefficient = 0.37). The percentage of patients with a severe pain score was higher for consultants/PMOs (83%) compared to senior or junior registrars (61 and 43% respectively) ( Figure  4 ). There was a significant, moderate association between categorised pain score at first verbalisation and anaesthetist rank (p = 0.010; phi coefficient = 0.37). The percentage of patients with a severe pain score was higher for consultants/PMOs (83%) compared to senior or junior registrars (61 and 43% respectively) ( Figure  4 ). There were no significant associations between anaesthetist rank and pain scores at the other two time points. There was a significant, moderate association between categorised pain score at three hours and whether or not a long-acting opioid was given (p = 0.0072; Cramer's V = 0.34). The percentage of patients with a severe pain score was lower for those who had been given a long-acting opioid (5%) compared to those who had not (32%) ( Figure 6 ). Long-acting opioid was prescribed more commonly (90%) in consultant/PMO-lead cases, however, less than half (43%) of the consultant/PMO-lead cases used longacting opioids.
There was a significant, moderate association between categorised pain score at first verbalisation and surgeon rank ( p = 0.0027; phi coefficient = 0.46). The percentage of patients with a severe pain score was lower for consultants (55%) compared to registrars or MOs (84 and 75% respectively) ( Figure 7 ). There were no significant associations between surgical rank and pain scores at other time points. Tonsil size was of no significance to pain scores at any time points.
A significant association was found between the median duration of surgery and categorised pain score at 30 minutes (p = 0.0078). Post-hoc tests showed that those with severe pain scores had longer median duration of surgery (30 min; IQR 20-40 min) than those with moderate pain scores (15 min; IQR 10-30 min) or those with no/mild pain scores (15 min; IQR 15-20 min). The effect sizes were moderate and small, respectively (r = 0.30 and 0.29 respectively) ( Figure 8 ). There were no significant associations between duration of surgery and pain scores at other time points.
A significant association was found between the median duration of anaesthesia and anaesthetists rank (p < 0.0001).
Post-hoc tests showed that consultants/PMOs had longer median duration of anaesthesia (60 min; IQR 45-70 min) than the senior or junior registrars (35 min; IQR 25-45 min and 30 min; IQR 30-60 min respectively) ( Figure 9 ). The effect sizes were moderate (r = 0.57 and 0.33 respectively).
There was a significant association between the median duration of surgery and surgeon rank (p < 0.0001). Post-hoc tests showed that consultants had shorter median duration of surgery (15 min; The effect sizes were moderate (r = 0.60 and 0.54 respectively) ( Figure 10 ).
Discussion
Tonsillectomy is one of the commonest surgical procedures in children, [1] [2] [3] [4] 8 yet it has been identified as a procedure associated with a high incidence of severe postoperative pain. Factors that contributed to this poorly managed pain in this audit included:
• Surgical technique and duration of surgery;
• Anaesthetic technique; inability to recognise and assess pain;
• Misconceptions/preconceived ideas about analgesic drugs;
• Child and system factors.
Surgical technique
Cold steel dissection (snare) and a variable degree of monopolar electrocautery to achieve haemostasis are used at CHBAH. Bipolar cautery should be used instead of monopolar electrocautery because it results in less tissue damage and therefore less postoperative pain. It also has the benefits of reduced intraoperative bleeding and surgical time. 8, 9, 17 In this study, surgical seniority was associated with shorter duration of surgery and lower incidences of severe pain at 30 minutes. Unfortunately, literature remains inconclusive regarding the difference of perioperative pain and varying degree of surgical experience. 18, 19 Anaesthetic seniority was associated with higher pain scores because consultants/PMO anaesthetists often operate with junior surgeons, while 'catchup' lists run by junior anaesthetists have consultant surgeons operating.
Analgesia
Evaluation of postoperative pain is complicated by the difficulty in assessing pain in children and the occurrence of emergence delirium. It is often difficult to differentiate between the pain and ED because of the overlapping clinical picture, and because pain can often be the cause of agitation. 14 Furthermore, several studies have shown that otorhinolaryngological procedures, sevoflurane, and also preoperative anxiety, increase the risk of emergence delirium. 14, 15, 20 To overcome this, pain assessment took place at multiple points and a self-report scale was used. The Wong-Baker scale, which was chosen, can be used in children as young as three, and is available in various local translations. 21 In this audit, analgesic drugs used included short-acting opioids usually in the form of fentanyl (at a median dose of 1.8 ug/kg); dexamethasone (0.1 mg/kg) and paracetamol (15 mg/kg). Lack of administration of these three was found to be due to unavailability. The use of NSAIDs perioperatively in adenotonsillectomy has been encouraged as they are opioidsparing, reduce PONV and time to first oral intake. 22, 23 However, concerns seemed to exist about ketamine and long-acting opioids.
There is reluctance for practitioners to give long-acting opiates in children presenting for tonsillectomy. 13, 25 Growing fears of opioids may eventually lead us to consider the usage of gabapentinoids, honey and non-pharmacological measures.
Child and system factors
Despite the stringent recommendations of the American Society of Anaesthetists, 26 children in this study were routinely faced with 13.2 (minimum 10.3 and maximum 18.5) hours without eating or drinking. Appropriate fasting and adequate intraoperative hydration (10-15 ml/kg) has been shown to reduce the incidence of PONV, anxiety, agitation, dehydration, and in some studies has been associated with a decrease in pain. 27, 28 Ninety-four percent of parents questioned were satisfied with the process, while six percent were not satisfied. Reasons given included: lack of communication, no knowledge of the process, prolonged theatre time without notification of wellbeing of child, long fasting times and pain postoperatively.
Shortage of staff and equipment contributes to several deficits in the delivery of both surgical and anaesthetic services at CHBAH. These 'system factors' can be improved by:
• Communication amongst all role players.
• Increase in functional equipment and monitoring would foster better premedicating and analgesic practices.
• Shortening the hospital stay would have socio-economic benefits, and possibly encourage greater parental presence. Currently patients are admitted for ≥ 48 hours.
Limitations
This study is contextual to Chris Hani Baragwanath Academic Hospital, and the results cannot be generalised to other hospitals in Johannesburg or in South Africa. A great deal of the practice is influenced by system errors which may not adhere to established norms. However, the findings in this study are in keeping with multiple studies in first world countries, and confirm the dilemma experienced in managing paediatric pain.
Response bias is a further potential limitation, not only for children being assessed, but also for anaesthetists who may change practice due to the presence of an auditor.
An analysis of pain categorised further into mild, moderate and severe; and associations with selected variables was included. In order to detect a medium effect size (if it exists), with 80% power, at the 5% significance level, a sample size of a minimum 108 patients was required. Only larger effect sizes (if they exist) could be detected with such a small sample size. This is a limitation in the study.
Conclusion
Audits are necessary to evaluate what resources are needed to optimise care. 19 Despite the vast amount of literature available, perioperative pain management in patients presenting for tonsillectomy continues to be poorly managed. Appropriate premedication and two hours of clear liquid ingestion needs to be introduced. Where possible surgical technique should involve bipolar cautery and be limited to less than 45 minutes, and a preemptive, multimodal, opioid-sparing anaesthetic should be routinely practised.
